The CG of the bus is usually higher than other vehicles. When rollover accidents happen, because of the capacity of the passengers, the casualty is severe. The stiffness of the structure is the first thing that needs to be considered. The comparisons processes of the body section rollover test and analysis have been done. The paper is focusing on the Optimization of the bus structure which including the thickness of the frame and add some reinforcements by using LS-DYNA and HYPERSTUDY (the optimization analysis software).
The study and testing conducted for this research is based on the procedures of ECE R66 body section rollover test. Also the paper will present the design method of the bus structure , including changing the thickness and adding reinforcements by using LS-DYNA and HYPERSTUDY. The purpose of this study is to build a feasible procedure that to design the bus structure for safety performance. 
2.THE ROLLOVER TEST AND ANALYSIS

THE ROLLOVER TEST OF BODY SECTION
The purposes of the testing is to know the program of the structure and verify the analysis. So a body section of the bus is selected as shown in fig 2 for rollover test . The testing processes are as follows:
1. Raise the bus on the platform (as shown in fig 2) of a hoist machine. 2. Compute the percentage of the body section weight in the full bus and lump the mass to the structure.
Sand bag of 600 Kg is added. The total mass of this body section is 1040 Kg. 3. Set up the displacement meter,angle meter and a high speed video camera. 4. Operate the hoisting machine to let the platform to rise until the body section rolling. 5. Record the displacement data and the deformed shape of the structure on the displacement meter and a high speed video camera.
THE ROLLOVER ANALYSIS OF BODY SECTION
HYPERMESH 7.0 software is used to build a finite element model of the body section (as show in fig  3) .The analysis processes are as follows: 1. The procedures of analysis are reliable. 2. Besides the frames distribution, the hinge formation between the frames are the major cause that makes the large deformed of the bus structures. 
3.SENSITIVITY AND OPTIMIZATION ANALYSIS OF THE BODY SECTION
THE DESIGN CONCEPT OF THE BODY SECTION STRUCTURE
In order to perform efficiently the sensitivity analysis , a beam model of bus structure is built (as show in fig  6) . The LS-DYNA 970 software is used for modal analysis of the beam model. To obtain the five modes as show in Table 2 . From this table , we can get the shear mode is the lowest mode of the body section, exhibiting the characteristic of bus structure. The CG of the bus is usually higher than other types of vehicles. The bus also have more rollover accident than other vehicle types. But when the rollover accidents happen , the largest response is shear mode (the concept from the mode superimposition). So this paper will focus on the shear mode of the body section in the sensitivity and optimization analysis.
THE SENSITIVITY ANALYSIS OF THE BODY SECTION
This paper uses HYPERSTUDY 7.0 for the sensitivity analysis. The CAE code is LS-DYNA 970. We focus on several frames of the body section (as show in fig  6) . The purpose is to change the thickness of the frames and to obtain the different frequencies of shear mode. Three thicknesses of the six parts are changed of 729 CAE runs (3 6 =729 is needed) are made. Form the above analysis, we can obtain the sensitivity between thickness and the first mode (as show in fig  7) . Besides above statements we can also obtain the anticipation function as show in Table3 where a 0 (7.9663956)~a 72 (1.79e-4) are the coefficient of the anticipation function ; t 1~ t 6 are the thickness variables of the six parts.
We can obtain the anticipation function from Table3 and equation (1) . From this function, it can be forecast the frequency of shear mode without the CAE runs when changes the thickness of the six parts. It also can be researching and to make use of the design of this body section.
THE OPTIMIZATION ANALYSIS OF THE BODY SECTION
This paper also uses HYPERSTUDY 7.0 for the optimization analysis. We also changes the thickness (t=1~5 mm) of the six parts (as show in fig 6) . The purpose is to change the thickness of the six frames to increase the higher frequency of shear modes. The algorithm of the optimization analysis in the HYPERSTUDY software is the sequential response surface method. The sequential response surface method is as follows:
An optimization problem can be described as: 
where NC is the number of constraints, ND is the number of design variables and
are the polynomial coefficients. [5] After the optimization analysis(running combine with the HYPERSTUDY and LS-DYNA software). We can know that the "Run 14" is the best combination of the six thicknesses to get the highest frequency of shear mode (as show in Table4). 
Structural design concept
From the analysis results described previously and consider manufacture capability etc, the modified body section designs are shown in fig9, where red areas of pillar thickness were increased from 2mm to 3mm， purple areas of pillar thickness were increased from 2mm to 4mm），Fig 10 shows the added reinforced plate that is indicated by the circle. The weight of the structural was increased from 1040 kg to 1062kg.
The increase of 22 Kg (2.11%) will not affect the prime cost and the regulation of weight limit.
The body section structure design verification
The deformed displacements from testing , CAE analysis and optimum structure CAE analysis are shown in fig 11, fig 12 and are list in Table 5 , which indicate that the displacement reduced 53~55% by only increase the weight of 2.11%. It shows the design procedure presented in this research is feasible and efficient that can be applied to design of full bus structure. 
CONCLUSIONS
An design procedure for the bus body section has been presented. From the results of this study, it can be seen that the deformation of body section can be reduced 50% while only increasing 2% of weight by using the optimization analysis method presented in this paper shows the method is feasible and efficient. Because of the requirement for the fuel economy and driving stability, the weight reduction of the bus structure become increasing of important. A feasible and efficient optimization analysis method will be a powerful tool to reach the goal.
